Abstract
Introduction

56
Vitamins are bioactive compounds; in food are physiologically active components that 57 provide health benefits beyond their nutritional role [1] . Vitamins are important micro 58 nutritional substances involved in many biochemical functions in the Human body, but 59 they are not synthesized by it; so, they have to be supplied through diet [2] . One diet poor 60 in vitamins can lead to many deficiency diseases like pernicious anemia, scurvy, pellagra, 61 6
The spray-drying process is flexible and produces microparticles of good quality and is 106 also, a relatively low cost technology, rapid, reproducible, allowing easy scale-up, when 107 compared with other microencapsulation techniques, justifying the preference in 108 industrial terms [2, [14] [15] [16] [17] [18] [19] [20] . 109
The present work shows the recent developments and the new applications of the spray 110 drying technology for microencapsulation of two different vitamins (vitamin B12 and 111 vitamin C) with different biopolymers: chitosan, modified chitosan and sodium alginate, 112 considering all the advantages of these biopolymers. On the other hand, the two selected 113 vitamins were chosen considering their complexity (vitamin B12) and their high 114 applicability (vitamin C). 115 116 MKBQ9972V) with a purity ≥ 98% was from Sigma-Aldrich (China). Solutions of these 122 two vitamins were prepared with concentrations of 10 g/L using deionised water and 123 agitation at 1200 rpm. 124
Material and Methods
117
Preparation of the solutions
Three different biopolymers were used to prepare microparticles with vitamins: chitosan, 125 a modified chitosan (water soluble) and sodium alginate. Chitosan of medium molecular 126 weight (Cat. No. 448877) was purchased from Aldrich (Germany). The solution of 127 chitosan at 1% (w/V), prepared in a solution of acetic acid (1% (V/V)) has a viscosity of 128 7 chitosan was produced by carboxylation and had a deacetylation degree of 96.5%. The 131 solution of modified chitosan at 1% (w/V), prepared in deionised water has a viscosity of 132 5mPa.s (25 ºC). Sodium alginate (alginic acid, sodium salt) (Cat. No. 180947) was from 133 Aldrich (USA). 134
All the three solutions were prepared at room temperature. The chitosan solution was 135 prepared with a concentration of 1% (w/V) in an acetic acid solution 1% (V/V) and with 136 2 hours agitation at 1200 rpm (magnetic agitator -MS-H-Pro, Scansci). The other two 137 solutions, of water soluble chitosan 1% (w/V) and sodium alginate 1% (w/V) were 138 prepared with deionised water and with 2 hours agitation at 1200 rpm. 139
To obtain the vitamin microparticles it was necessary to prepare solutions containing the 140 vitamins and the encapsulating agents. These solutions were then fed to the spray dryer. 141
Thus, the solution containing the vitamin was added and mixed with each one of the 142 biopolymers aqueous solutions (encapsulating agents) at constant agitation speed of 1200 143 rpm, during 10 min at room temperature. The concentration of the vitamin in the fed 144 solution to the spray-dryer was 2.0 % (w/w). Also, microparticles without vitamin were 145 prepared, in order to study the effect of the vitamin on the microparticles produced, under 146 the same conditions. 147 148 in the present case (120 •C), the probability of obtaining low product yields increases. At 212 low temperatures, the deposition of particles on the cylinder or/and on the cyclone wall 213 of spray dryer was observed, leading to a lower product yield. On the other hand, the 214 particles formed by this method are very small (around 3 µm), and the efficiency of the 215 cyclone to separate small particles decreases, some of them being aspirated with the air 216 leaving the spray dryer. Also, the sample volume influences the product yield; small 217 volumes implying higher relative losses [22] . 218
Experimental conditions -Spray-drying process
The prepared microparticles were characterized and their physicochemical structures 219 were analyzed by SEM and by FTIR. 220 In FTIR spectra of the microparticles made with alginate (Fig. 3 A) the presence of the 285 vitamins was very difficult to recognize. There are only small differences in the size or in 286 the proportion of the bands. 287
In the case of chitosan (Fig. 3 B Comparing the SEM images with the release profiles, a slow release was associated to a 317 rougher surface (microparticles with chitosan). 318 So, depending on the type of application intended for the vitamins, different encapsulating 319 agents need to be selected to allow the more adequate controlled release of the vitamins. 320
For instance if a slow release of the vitamin in one aqueous solution is wanted the best 321 option for the encapsulating agent will be the chitosan. On the other hand if it is intended 322 a fast release of the vitamin the best option can be the microencapsulation of vitamins 323 with modified chitosan or alginate. These two encapsulating agents can be used, for 324 example, for microencapsulated vitamins used in drinks prepared instantaneously from 325 powder formulations. Thus the vitamins will be protected from oxidation, light, moisture 326 and other factors during the storage time. 
